Tissue perfusion frequently guides plastic surgeons' operative decision making. Surgeons have relied primarily on clinical exam to assess tissue perfusion, which can be unpredictable in challenging situations such as ecchymotic skin, patients of darker skin tones, and tissues without a cutaneous component. The advent of SPY angiography has made real-time evaluation of tissue perfusion possible, which has provided objectivity to surgical decision-making and correlated positively with clinical outcomes.^[@R1]--[@R4]^

Scenarios in which tissue perfusion is questioned, but the tissue of interest is esthetically or functionally indispensable, often require the surgeon to perform different surgical techniques to salvage the tissue but ultimately may lead to total abandonment of the reconstruction. Utilizing pharmacologic agents to salvage tissues has gained some attention in recent years.^[@R5]^ Combining this with real-time imaging of the cutaneous microvasculature with indocyanine green (ICG) and SPY angiography allows objective and targeted assessment of tissue perfusion and provides predictability in these scenarios.

The SPY Elite laser angiographic system (Novadaq Technologies, Concord, ON, Canada) is based on the chemical properties of ICG. ICG is safe and has a rapid half-life of 150 to 180 seconds. It binds to plasma proteins, is on the infrared spectrum, and remains in circulation, making it useful for identifying vascularity.^[@R6]--[@R10]^

The images are displayed on screen in real time to allow for intraoperative decision-making. The SPY-Q analysis software allows for quantification of perfusion by assigning numeric values based on the intensity of the fluorescence compared with a reference value based on the intensity of tissue outside the area of interest.^[@R7]^ Additionally, the short half-life of ICG allows for multiple evaluations of tissue perfusion, especially after a surgical intervention (cutting skin flaps, undermining soft tissue, use of rapid pharmacologic vasodilators, etc.).

The use of SPY angiography has also been shown to decrease costs. A recent cost analysis of SPY angiography in prevention of mastectomy skin flap necrosis demonstrated cost savings of anywhere between \$1900.00 and \$2100.00 in high-risk groups^[@R11]^ and improved mastectomy flap survival.^[@R12],\ [@R13]^

One of the interventions that can be done for tissue ischemia is the use of topical nitroglycerin paste. Nitroglycerin causes arterial and venous dilation and has been used to increase perfusion to ischemic tissues. It has been shown to prevent mastectomy skin flap necrosis.^[@R14]--[@R16]^ However, like all pharmacologic interventions, there are adverse effects that must be weighed before starting topical nitroglycerin. These adverse effects can range from headache and weakness to hypotension and tachycardia.^[@R15],\ [@R17]^ Appli cation of topical nitroglycerin can provide quick improvement in tissue perfusion and often salvage questionably perfused tissue.

To determine when topical nitroglycerin would be efficacious, the senior author (B.A.) developed an algorithmic approach for the use of topical nitroglycerin integrated with SPY-Q analysis in tissue expander-based reconstructions.

Algorithm
=========

An algorithmic approach to application of nitroglycerin paste and use of SPY was developed by the senior author (B.A.) based on the multisurgeon experience of 214 consecutive tissue expander cases over a 3 year period. Intraoperative measurement regarding the patients' overall clinical assessment was taken into consideration and the timing of topical nitroglycerin application with correspondence to the time lapsed after ICG injection was noted. Postoperative side effects and patient tolerance with topical nitroglycerin application were also considered. Ischemic tissue was then reassessed at 1- and 4-week postoperative intervals. Based on his clinical findings, the algorithm shown in Figure [1](#F1){ref-type="fig"} was formed.

![Spy angiography algorithm.](gox-4-e1075-g001){#F1}

Whenever there is a concern for tissue ischemia and viability, SPY angiography is performed (Fig. [2](#F2){ref-type="fig"}) (**See figure, Supplemental Digital Content 1**, which displays a clinical exam of mastectomy flaps, <http://links.lww.com/PRSGO/A277>). If SPY-Q analysis shows \>20% perfusion, no intervention is needed as this is adequate perfusion for tissue salvage based on manufacturer's recommendations.^[@R12],\ [@R18]^ If \<20% perfusion, the area of decreased perfusion is evaluated, and if the area of ischemia is \>100 cm^2^ per breast breasts or the intraoperative systolic blood pressure is \<120 mm Hg then topical nitroglycerin is held^[@R19],\ [@R20]^ (Fig. [3](#F3){ref-type="fig"}). Surgical interventions such as deflation or removal of the expander, trimming the ischemic mastectomy flap edge, or advancing the hyperperfused areas on the mastectomy flap to ensure tension-free closure are our primary management strategy.

![Spy angiography before nitropaste application. Mastectomy skin flap with areas of decreased perfusion on SPY angiography.](gox-4-e1075-g002){#F2}

![SPY angiography after nitropaste application. Note the improved perfusion throughout the area that the nitropaste was applied.](gox-4-e1075-g003){#F3}

If the area of decreased perfusion is \<100 cm^2^ per breast and the patient's intraoperative systolic blood pressure is above 120 mm Hg, we apply a layer of topical nitroglycerin to the ischemic area (Fig. [4](#F4){ref-type="fig"}). If the perfusion remains \<20% after immediate repeat imaging with the remainder of the dye, then we proceed with the aforementioned surgical interventions. If the perfusion improves \>20%, then we place patients on our topical nitroglycerin protocol for 7 days^[@R17],\ [@R20]^ applying it every 6 hours.

![Application of nitropaste to ischemic area identified with SPY angiography. No more than 2 packets (15 mg) of topical nitroglycerin is used. The nitropaste is applied and spread thin until a see-through layer is placed over the area of concern. The angiography is performed immediately before and after the application of nitropaste to evaluate for improvement in perfusion.](gox-4-e1075-g004){#F4}

While on the topical nitroglycerin protocol, the patient is monitored for side effects. If the patient's blood pressure drops below 100 mm Hg or they develop intolerable headaches, then the topical nitroglycerin is diluted with bacitracin or other petroleum jelly--compatible ointment to a 50/50 mixture and reapplied 1 hour after removal of the topical nitroglycerin.

If the patient continues to have systolic blood pressures \<100 mm Hg or other side effects, the mix is further diluted to 25% topical nitroglycerin and 75% bacitracin. This current regimen will be maintained for 7 days. If during this time the patient's blood pressure improves above 120 mm Hg, then full strength topical nitroglycerin will be applied.

We believe that the application of topical nitroglycerin has less systemic effects in mastectomy flaps due to their decreased perfusion. We do not advocate routine use of nitro paste in autologous reconstruction because the perfusion of the applied area is higher and a systemic drop in blood pressure can lead to flap loss.

In cases where intraoperative systemic hypertensive agents are utilized or the mastectomy was performed with epinephrine based tumescence, we will still use the above protocol; however, the reliability of the results is usually lower. Anecdotally, since the senior author (B.A.) started implementing this algorithm, he has significantly decreased unplanned surgical revisions to excise necrotic mastectomy flaps and early expander failures.

CONCLUSIONS
===========

Compared with clinical judgment or other methods of tissue perfusion analysis, the advent of SPY angiography has made real-time intraoperative evaluation of tissue perfusion possible, which has provided objectivity to surgical decision making and correlated positively with clinical outcomes.^[@R1]--[@R4]^ Topical nitroglycerin can salvage tissue with threatened vascularity; however, it is not without side effects (**See figures, Supplemental Digital Content 2 and 3**, which demonstrate 1- and 4-week postop photos, <http://links.lww.com/PRSGO/A278> and <http://links.lww.com/PRSGO/A279>). We developed a logical algorithmic approach based on integrating SPY angiography and topical nitroglycerin in a safe and effective method in the management of questionable tissue vascularity in patients with mastectomy. Although this is an ideas and innovations topic, this approach combines 2 elements (SPY angiography and nitropaste) that have been increasingly prevalent in the literature in regards to cost savings and efficacy. With the recent data supporting the cost savings of SPY and the importance of expedited wound healing before neoadjuvant therapies, we now recommend its use in all mastectomy flap cases at the discretion of the plastic surgeon when considering their own complication rate.
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